The aminopeptidase specificity of 24 strains of bacteria was determined fluorometrically by use of a series of a-amino acid f3-naphthylamides as substrates. Pro-vided that strict control over medium and growth time was adhered to, a reproducible profile of aminopeptidase activity was obtained which could be used for the identification of bacteria.
ganisms can be classified.
The present alternatives to this lengthy procedure are the gas chromatographic characterization of either the pyrolysis products (5) or the volatile metabolites (3) of bacteria, but interpretation of the data is difficult because no detailed study of the chemical nature of these products has been carried out.
We now propose the use of a specificity profile of aminopeptidase activity as a convenient technique for the identification of bacteria. To obtain maximal sensitivity, the aminopeptidase activity was determined fluorometrically (2, 6) , with the use of a series of commercially available a-amino acid g-naphthylamides (1).
MATERIALS AND METHODS
Microorganisms. A collection of Bacillus cultures from several sources were examined (Table 1 ). In addition, two auxotrophic mutants of Escherichia coli strain K-12 were studied.
Growth media. The bacteria were grown on three types of media. Spizizen's minimal agar (MIN) contained 16 g of agar, 5 g of dextrose, and 12.25 g of Spizizen' s salt mixture per liter of solution (7) . The salt solution was autoclaved separately from the agar and dextrose mixture. After sterilization, the two solutions were mixed together (1:1) to form the given plate concentration. Nutrient Salts Agar (NSA) contained Nutrient Agar (Difco) plus MIN. Minimal supplemented with amino acid Agar (MIN + AA) consisted of 1 mg of L-amino acids per 100 ml (4) added to the salt phase of MIN.
Growth conditions. The bacteria were plated out prior to assay on NSA, MIN, or MIN + AA plates for time periods from 16 hr (37 C) to 2 weeks (25 C).
In most cases, the 16-hr incubation at 37 C on NSA plates was sufficient to allow enough growth for assay, but in some cases longer growth periods were necessary.
Amino acid ,B-naphthylamide assay. f3-Naphthylamide derivatives (supplied by the Mann Research Laboratories, New York, N.Y.) of the following amino acids were used as substrates: glycine, L-ala- 
RESULTS AND DIscussIoN
In the preliminary experiment, 24 strains of bacteria were grown on NSA and assayed with the 18 different amino acid p-naphthylamides. The results (Table 1) show that there are considerable differences in the aminopeptidase profile of different bacteria, but a pure bacterial strain yields a reproducible peptidase profile (Table 2) under strictly specified conditions. Thus, Bacillus subtilis strains from several sources always preferentially hydrolyzed the glycine and arginine f3-naphthylamides.
To test whether the differences in specificities among the bacteria were due to differences in permeability, a number of bacteria were lysed by sonic treatment, and, after separation of any intact cells by centrifugation, were assayed as before. There were negligible differences in the pattern of attack between the cell-free system and the intact bacteria. The variety of attack exhibited by the bacteria appeared to be due to the balance and specificity of a number of aminopeptidases in the cell. To examine the effect of growth medium on the balance of these enzymes, a second set of experiments was carried out in which the bacteria were grown on minimal plates. Not all strains grew under these conditions, but 12 strains grew sufficiently to be assayed as described previously; the results are summarized in Table 3 . In this second series of assays, only the eight most commonly attacked substrates were tested in order to simplify the procedure. The eight substrates were the ,B-naphthylamides of glycine, alanine, proline, leucine, methionine, phenylalanine, arginine, and lysine. To demonstrate the different effects of the change of growth medium, the organisms are listed in the same groups as in WESTLEY ET AL.
APPL. MICROBIOL. (21) Gly (11) Arg (9) B. brevis (Pro) .
SB 902 Pro
Arg (12) Gly (4) The bacteria are listed in the same groups as in Table 1 clusive attack on leucine #3-naphthylamide, whereas when grown on minimal plates this culture was much less specific, attacking almost equally lysine, phenylalanine, leucine, and arginine f3-naphthylamides. To test whether specific enzyme repression was playing a part in this change, the bacteria were grown on MIN plus 1 mg per 100 ml of (i) lysine, (ii) phenylalanine, (iii) arginine, and (iv) leucine.
It appears from these results ( Table 4) that there are two major aminopeptidases in B. mycoides, one of which is specific for leucine (3-naphthylamide and a second which attacks phenylalanine, lysine, arginine, and probably methionine f3-naphthylamides. The addition of one of the three amino acids (lysine, phenylalanine, or arginine) produced by the action of the second enzyme caused a repression of this enzyme during growth, resulting in a high leucine aminopeptidase specificity. In contrast, when leucine was added to the growth medium, the bacteria again showed a broad pattern of activity. It should be noted here that the leucine aminopeptidase activity is not repressed as severely as the second enzyme in experiments with the first three amino acids. The remarkable specificity of the leucine aminopeptidase in this culture prompted us to compare it with leucine aminopeptidase from swine kidney (Worthington Biochemical Corp., Freehold, N. J.). This enzyme was assayed in the same way as the bacteria and gave the following order of attack: methionine f3-naphthylamide (100%), Finally, B. licheniformis was grown on a plate containing minimal medium and 1 mg per 100 ml of all the amino acids. The variation of aminopeptidase specificity with time of growth was investigated (Table 5 ). The results show that there were changes with time, and the preferred substrate changed from arginine f3-naphthylamide to leucine f-naphthylamide.
The aminopeptidase profile promises to be a useful technique for the identification of bacteria, and it may also be employed in the study of the specificity and balance of aminopeptidases in a single bacterial strain. Since the aminopeptidase activity is very sensitive to changes in the culture medium and time of growth, all bacteria must be grown under carefully specified conditions to guarantee reproducibility of the assay. This technique can be used to demonstrate the presence of microorganisms in soil, and this application of the technique will be the subject of a later communication.
AcKNowLEGMENTs
This investigation was supported by grant NsG 81-60 from the National Aeronautics and Space Administration and by Public Health Service grant AI-5160 from the National Institute of Allergy and Infectious Diseases.
L1TmATURE CrrE
